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Abstract: Background Ectopic pancreatic tissue (EPT) in a Meckel diverticulum is a well-known anomaly.
Other locations are rare, especially in pediatric patients. We report on three children with incidental
findings of EPT and reviewed the literature. Patients and methods Three children with incidental findings
of EPT treated in our department, and 62 patients found in the literature were analyzed. The literature
search was performed excluding EPT in Meckel’s diverticulum and in tumors, i.e. teratomas. Results
Two of our patients presented with an umbilical mass. The third patient presented with a gastric outlet
obstruction due to an antral/pyloric mass. Histopathology showed EPT in all three of our patients
without any signs of malignancy. In the literature, patients with EPT often appear to be asymptomatic.
Symptomatic patients may present with bowel obstruction or intussusception. EPT in the umbilicus
frequently seems to cause umbilical discharge. Our analysis supported the leading opinion in the literature
that the upper gastrointestinal tract and especially the gastric antrum must be considered the most
common location of EPT. Conclusion Although unusual in children, awareness of EPT may help to
obtain the proper diagnosis faster and to plan accurate surgical therapy.
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A B S T R A C T  
Background : Ec topic pan cre atic tis sue (EPT) in a Meckel di ver tic u lum is a well - known anom aly. Other lo ca - 
tions are rare, es pe cially in pe di atric pa tients. We re port on three chil dren with in ci den tal find ings of EPT and 
re viewed the lit er a ture. 
Patients and methods : Three chil dren with in ci den tal find ings of EPT treated in our de part ment, and 62 pa tients 
found in the lit er a ture were an a lyzed. The lit er a ture search was per formed ex clud ing EPT in Meck el's di ver tic - 
u lum and in tu mors, i.e. ter atomas. 
Results : Two of our pa tients pre sented with an um bil i cal mass. The third pa tient pre sented with a gas tric out let 
ob struc tion due to an antral/ py loric mass. Histopathol ogy showed EPT in all three of our pa tients with out any 
signs of ma lig nancy. 
In the lit er a ture, pa tients with EPT of ten ap pear to be asymp to matic. Symp to matic pa tients may pre sent 
with bowel ob struc tion or in tus sus cep tion. EPT in the um bili cus fre quently seems to cause um bil i cal dis - 
charge. Our analy sis sup ported the lead ing opin ion in the lit er a ture that the up per gas troin testi nal tract and 
es pe cially the gas tric antrum must be con sid ered the most com mon lo ca tion of EPT. 
Conclusion : Al though un usual in chil dren, aware ness of EPT may help to ob tain the proper di ag no sis faster and 
to plan ac cu rate sur gi cal ther apy. 
Levelof evidence : Prog no sis study, Level IV. 
1 . Introduction 
EPT is de fined as pan cre atic tis sue with out vas cu lar or anatom i cal 
con nec tion to the pan creas [ 1 – 9 ]. The find ing of pan cre atic tis sue in a 
Meck el's di ver tic u lum as a rem nant of the om phalo - mesenteric duct is 
a well - known anom aly. Other lo ca tions of EPT are much rarer. The 
most com mon lo ca tion is the up per gas troin testi nal tract [ 1 , 5 , 10 , 11 ] 
es pe cially along the greater cur va ture in the antrum, and less fre quent 
in the je junum, ileum, am pulla of Vater, or the gall blad der [ 2 , 9 , 12 – 
14 ]. Of all cases with EPT, 70 – 90% are lo cated within the gas troin - 
testi nal tract [ 15 , 16 ]. Other lo ca tions as the um bili cus, the fal lop ian 
tubes or even the me di astinum have been de scribed [ 1 , 5 , 17 , 18 ]. 
Symp to matic cases are usu ally seen with EPT lo cated in the stom ach 
or in the duo de num [ 1 ]. There seems to be a male pre dom i nance of 
3:1 [ 19 ]. 
More than 60% of pa tients with EPT are be lieved to be non - 
symptomatic [ 15 ]. It is there fore usu ally de tected in the 4th – 6th 
decade of life [ 4 , 5 ] when it may lead to ma lig nan cies [ 20 ] or as an in - 
ci den tal find ing dur ing surgery or at au topsy [ 1 , 6 , 12 ]. Pe di atric cases 
are re ported rarely [ 21 ], most likely due to the paucity of symp toms, 
the small size of the le sions and its ex tremely slow growth [ 4 ]. 
We there fore re port three cases of EPT in pe di atric pa tients that 
have re cently been di ag nosed and treated at our de part ment. In ad di - 
tion, we re viewed all pub lished cases of EPT in pe di atric pa tients in 
other sites than Meck el's di ver tic u lum or tu mors, i.e. ter atoma. 
2 . Patients 
2. 1 . Patient 1 
A 4 - month old male in fant, born at term, was re ferred to our out - 
patient clinic for an um bil i cal gran u loma that had been re sis tant to 
the pe di a tri cian's ther apy with top i cal ap pli ca tion of sil ver ni trate. 
The gran u loma was first ob served at the age of 2 weeks and showed 
clear um bil i cal dis charge. An ul tra - sound ex cluded a con nec tion to 
the in tes tine or the blad der, upon which the ap pli ca tion of top i cal sil - 
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Fig. 1 . Um bil i cal ex plo ration in Pa tient 2. 
Fig. 2 . Ul tra sound of pa tient 3 (S: Stom ach, T: Tu mor). 
ver ni trate was con tin ued. Since there was per sis tent dis charge and ul - 
tra sound could not ex clude an om phalome sen teric duct, a sur gi cal 
um bil i cal ex plo ration was per formed. In tra op er a tively, the le sion ap - 
peared to be epi - fascial with out con nec tion to the ab dom i nal cav ity. 
The le sion was re sected and the post op er a tive course was un event ful. 
2. 2 . Patient 2 
An 8 - year old boy pre sented to our clinic with clear um bil i cal dis - 
charge since birth. The boy had re cently em i grated from Afghanistan 
and the con di tion had never been treated med ically be fore. Five 
months prior to pre sent ing to our clinic, he had suf fered from an um - 
bil i cal in fec tion which had healed quickly af ter the ap pli ca tion of be - 
ta dine oint ment. At ex am i na tion, the um bil i cal skin was non - irritated 
and seemed to con sist partly of mu cosal tis sue. A blunt probe re vealed 
a tiny fis tula chan nel of a few mil lime ters in depth. There was no dis - 
charge upon pres sure. Ul tra sonog ra phy and VCUG did nei ther show a 
con nec tion to the in tes tine, nor a urachal rem nant. We there fore per - 
formed an um bil i cal ex plo ration, re veal ing fi brous tis sue con nected to 
the um bili cus, which was re sected ( Fig. 1 ). No other anatom i cal ab - 
nor mal ity was found. The post op er a tive course was un event ful. 
2. 3 . Patient 3 
A 16 - year old boy was trans ferred to our clinic with re cur rent up - 
per ab dom i nal pain for 2 weeks and find ings of an el e vated CRP (83 
mg/ L) with a nor mal leu co cyte count. An ul tra sound showed a cys tic 
le sion at the antral gas tric wall close to the py lorus ( Fig. 2 ). This find - 
ing was con firmed by a CT - scan ( Fig. 3 ). An in fected mesen teric cyst 
or a du pli ca tion cyst was con sid ered and an tibi otics (Zi nacef (Ce - 
furoxim, Fre se nius Kabi AG) and Metron ida zol (Metron ida zole Bioren, 
Sin tet ica SA) were ad min is tered for 5 days. The ther apy showed to be 
ef fec tive as the pa tien t's con di tion im proved and the cyst vol ume de - 
creased fast. Over the next months, the re cur rent episodes of up per 
ab dom i nal pain per sisted de spite a de creased cyst vol ume. There fore, 
a re sec tion of the le sion was planned and a pre op er a tive MRI was per - 
formed ( Fig. 4 ), which showed a re gres sion of the tu mor in size com - 
pared to the ini tial CT - scan. 
A few weeks be fore the elec tive surgery, the boy pre sented to our 
ER, this time se verely in pain with re cur rent non - bilious vom it ing for 
3 days. The pa tient did not suf fer from fever, the ab domen was soft 
and non - tender. Lab o ra tory val ues showed no signs of in fec tion. An 
ul tra sound was per formed re veal ing a dis tended stom ach and the 
known echogenic le sion at the py lorus. 
As the le sion ap peared to have caused a gas tric out let ob struc tion, 
an ex plo rative la paroscopy was per formed aimed to re move the ob - 
struct ing tu mor. The pro ce dure was con verted to an up per me dian la - 
paro tomy while the le sion was solid and clear mar gins were not vis i - 
ble ( Fig. 5 ). The com plete re sec tion of the le sion in cluded the open ing 
of the py lorus upon which a py loro plasty was per formed. The post op - 
er a tive course was un event ful and the symp toms re solved en tirely 
dur ing fol low - up. 
3 . Results 
Histopatho log i cal work - up was per formed and showed EPT in all 
three pa tients ( Fig. 6 ). In the first pa tient, ad di tional ec topic in testi nal 
tis sue was found. There were no signs of ma lig nant trans for ma tion in 
any of the spec i mens. 
4 . Discussion 
In the pre sent pa per three cases of symp to matic EPT were de - 
scribed and to the best of our knowl edge an other 62 cases were found 
in the lit er a ture. 
Fig. 3 . CT - scan of pa tient 3 (T: Tu mor). 
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Fig. 4 . Pre op er a tive MRI of pa tient 3 (Ar row: Tu mor). 
Fig. 5 . In tra op er a tive find ing in Pa tient 3 (A: Antrum, T: Tu mor, R: Re sec tion mar gin). 
Fig. 6 . Histopathol ogy of Pa tient 3 (P: Ec topic pan cre atic tis sue). 
The em bry onic eti ol ogy of EPT is still not com pletely un der stood. 
Nakame et al. as well as Park et al. pro posed three dif fer ent mech a - 
nism how EPT may de velop. Their first hy poth e sis is the mis place - 
ment con cept, ex plain ing that in em bry ol ogy dur ing the ro ta tion of 
the foregut prim i tive pan cre atic tis sue can be sep a rated and re lo cated 
any where in the gas troin testi nal tract, where it may de velop into ma - 
ture pan cre atic tis sue. The sec ond hy poth e sis is the meta pla sia con - 
cept, where en do der mal tis sue mi grates to the sub mu cosa of the gas - 
troin testi nal tract dur ing em bryo ge n e sis and may de velop into pan cre - 
atic tis sue at ran dom sites. The third hy poth e sis is the totipo tent cell 
con cept, ar gu ing that totipo tent cells lin ing the gut may de velop into 
pan cre atic tis sue by some un known stim u lus [ 22 – 25 ]. EPT in Meck el's 
di ver tic u lum as well as in vitelline cysts, um bil i cal fis tu las or masses, 
which are in the lit er a ture be lieved to be rem nants of the om phalo - 
mesenteric duct or yolk sac [ 26 – 28 ], may also de velop from totipo - 
tent cells. 
EPT is of ten de tected in ci den tally dur ing surgery or at au top sies. 
The in ci dence in the lit er a ture ranges be tween 0,5 and 15% 
[ 1 , 2 , 10 , 29 ]. Be cause of its in ci den tal find ing and a very of ten asymp - 
to matic clin i cal course, EPT is fre quently not di ag nosed ad e quately at 
first [ 3 ]. Al though Caber wal et al. re ported the first doc u mented case 
of um bil i cal EPT al ready in 1977 [ 24 ] and the um bili cus seems to be 
the sec ond most com mon lo ca tion in our lit er a ture re view [16, 18, 21 – 
28, 30 – 32] , even in our 2 pa tients the di ag no sis came as a sur prise. 
The preva lence of rem nants of the om phalo - mesenteric duct is de - 
scribed in lit er a ture in 2% of the pop u la tion, al though most of them 
re main asymp to matic [ 23 ]. Tillig et al. de scribed a supraum bil i cal 
pseudo cys tic tu mor, which they be lieved to be caused by chronic in - 
flam ma tion due the se cre tion of pan cre atic en zymes into the space 
sur round ing the EPT in the rem nant of the om phalo - mesenteric duct 
[ 15 ]. 
EPT caus ing an in testi nal ob struc tion as seen in our third pa tient, 
is rare. Goto, Ker nohan, Hayes - Jordan and Sharma et al. de scribed pa - 
tients with EPT at the py lorus, that pre sented as gas tric out let ob struc - 
tion with symp toms re sem bling hy per trophic py loric steno sis 
[ 3 , 14 , 33 , 34 ]. Our lit er a ture re view fur ther more con firmed that EPT at 
the gas tric antrum or py lorus seems to be the most com mon site to 
cause an in testi nal ob struc tion. Younger pa tients with this find ing of - 
ten pre sented with vom it ing, in some cases also mim ic k ing a hy per - 
trophic py loric steno sis [ 35 – 37 ]. Older pa tients, as seen in our third 
case of ten suf fered from ab dom i nal pain [ 38 ]. Kim et al. pro posed ul - 
tra sound for screen ing and up per GI con trast study as well as ab dom i - 
nal MRI for fur ther eval u a tion to be the ideal ex am i na tion in pa tients 
with py loric masses mim ic k ing hy per trophic py loric steno sis [ 35 ]. 
Dolan et al. de scribed the macro scopic ap pear ance of in tra lu mi nal 
EPT in the stom ach or in tes tine as usu ally firm, yel low ir reg u lar nod - 
ules that are of ten found in the sub serosa or sub mu cosa [ 5 ]. In our lit - 
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Table 1 
Re view of the lit er a ture. 
Author Publication 
Date 
Sex Age Symptoms Location Size 
(mm) 
Finding Surgery 
1 Kernohan 1956 M 3m Vomiting, bleeding Pylorus – Necropsy – 
2 Harris 1963 – Newborn Umbilical mass Umbilicus 4 – Tumor excision 
3 Eklof (n = 2) 1973 M 15y Abdominal pain, 
vomiting 
Antrum – – – 
4 1973 F 8y Abdominal pain Antrum – – Tumor excision 
5 Lucaya 1976 F 3m Vomiting Antrum – – Tumor excision 
6 Caberwal 1977 M 13m Mass, umbilical 
discharge 
Umbilicus 5 – 12 Clinical Tumor excision 
7 Lalit 1980 M 13y Umbilical discharge 
and mass 
Umbilicus – – Tumor excision 
8 Chiang 1982 M 1y Umbilical mass Umbilicus – – Tumor excision 
9 Mollit (n = 6) 1984 M: 4, 
F: 2 
6m Vomiting Antrum 5 – 20 UGI contrast study & 
endoscopy 
4 wedge resection, 2 
tumor excision 
10 1984 8m Vomiting Antrum 
11 1984 4y Vomiting Antrum 
12 1984 11y Abdominal pain Antrum 
13 1984 12y Abdominal pain Antrum 
14 1984 13y Abdominal pain Antrum 
15 Gonzalez 1988 F 9d Vomiting Duodenum 15 – 29 Incidental in Surgery Tumor excision 
16 Visentin 1991 M 18d Vomiting Pylorus – Ultrasound Tumor biopsy, watchful 
waiting 
17 Erdener 1993 M 8m Intussusception Ileum – Incidental in Surgery Segment resection 
18 Allison 1995 M 1y5m Abdominal pain, 
vomiting 
Antrum – UGI contrast study – 
19 Blais 1995 M 22m Abdominal pain & 
vomiting 
Duplication cyst at the pylorus 10 Ultrasound & UGI contrast 
study 
Excision 
20 Avolio (n = 2) 1998 M 8m Umbilical discharge 
and mass 
Umbilicus – Ultrasound Tumor excision 
21 1998 M 15m Umbilical discharge 
and mass 
Umbilicus 18 – 21 Ultrasound Tumor excision 
22 Hayes - Jordan 1998 M 2d Vomiting Antrum 3 – 4 Ultrasound & endoscopy Tumor excision 
23 Kawashima 1998 M 7d Vomiting Noncystic duodenal duplication – Ultrasound & UGI contrast 
study 
Excision 
24 Perez - Martinez 1998 M 6m Umbilical discharge Umbilicus (Urachus remnant) – Clinical Umbilical exploration 
and resection 
25 Tan (n = 2) 1999 M 3m Umbilical discharge Umbilicus 10 Ultrasound, Voiding 
Cystogram 
Tumor excision 
26 1999 M 2m Umbilical discharge Umbilicus – – Tumor excision 
27 Prasad 2001 F 3m – Jejunum 1,5 - 2 Incidental in Surgery Tumor excision 
28 2001 M 3m – Jejunum – Incidental in Surgery Tumor excision 
29 Ozcan 2002 M 1m Vomiting Antrum 4 – 5 Incidental in Surgery Tumor excision 
30 Fragoso 2003 M 21d Vomiting Antrum – UGI contrast study & 
endoscopy 
Partial gastrectomy 
31 Ormarsson 2003 M 9y Vomiting Antrum 15 Endoscopy Tumor excision 
32 Chandan 2004 M 17y Abdominal pain Antrum 10 Endoscopy Tumor excision 
33 Sharma 2004 M 1m Vomiting Antrum 5 – 6 – Tumor excision 
34 Tillig 2004 M 2y Abdominal pain Supraumbilical 60 – 80 Ultrasound and CT Tumor excision 
35 Hsu 2005 F 15y Abdominal pain Gastric Body 15 Endoscopy Wedge resection 
36 Lee 2005 M 8d Umbilical mass, 
discharge 
Umbilicus 7 – 26 Clinical & Ultrasound Umbilical exploration 
and resection 
37 Matsumoto 2005 F 3y Recurrent 
pancreatitis 
Mesocolon 100 Ultrasound & CAT scan Extirpation of the mass 
38 Ertem 2006 F 11y Vomiting Antrum, Bulbus 10 – 15 Endoscopy Excision pyloric canal 
39 Ogata (n = 9) 2007 M: 3, 
F: 9 
1d – Jejunum: 3, Stomach: 2, 
Duoden.: 2, Ileum: 2 
– Incidental in surgery – 
40 16d – – Incidental in surgery – 
41 2d – – Incidental in surgery – 
42 1d – – Incidental in surgery – 
43 1d – – Incidental in surgery – 
44 21d – – Incidental in surgery – 
45 1y – – Incidental in surgery – 
46 3y – – Incidental in surgery – 
47 3y – – Incidental in surgery – 
48 Saka 2008 M 6d Vomiting Jejunum 9 – 10 UGI contrast study Wedge resection 
49 De Silva 2009 M 18m Umbilical discharge Umbilicus 10 – 15 – Tumor excision 
50 Tripathy 2009 – 1y Umbilical mass, 
asymptomatic 
Umbilicus 20 Ultrasound Tumor excision 
51 Goto 2010 F 2y Abdominal pain Antrum 40 Ultrasound & CT scan Distal gastrectomy 
52 Singh 2012 M 12y Intussusception Ileum 20 – 60 Ultrasound Segment resection 
( continued on next page ) 
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Table 1 ( continued ) 
Author Publication 
Date 
Sex Age Symptoms Location Size 
(mm) 
Finding Surgery 
53 Abdelgabar 2013 M 2y Recurrent bleeding 
abrasion 
Umbilicus 3 – 6 Ultrasound Tumor excision 
54 Sharma 2013 M 2y Umbilical discharge Umbilicus 10 – 12 Ultrasound Tumor excision 
55 Kim 2014 M 20d Vomiting Pylorus 4 – 8 Ultrasound & UGI contrast 
study & MRI 
Excision 
56 Park 2014 F 3m Umbilical discharge Umbilicus 5 – 7 Ultrasound Tumor excision 
57 Trandafir 2014 F 24d Vomiting Jejunum 10 Incidental in Surgery Wedge resection 
58 Jain 2015 F 5y Abdominal pain Duplication cyst & accessory 
pancreatic lobe 
– CAT scan Excision 
59 Zhao 2017 F 9m Umbilical discharge Umbilicus 20 Ultrasound Tumor excision 
60 Juricic 2018 M 15y Bleeding Jejunum 15 Incidental in Surgery Wedge resection 
61 Nakame 2018 M 9m Umbilical discharge Umbilicus 3 – 5 Clinical & Ultrasound Umbilical exploration 
and resection 
62 Seymore 2018 F Prenatal Hypoglycemia Abdominopelvic cyst, 
retroperitoneum 
4 – 6 Ultrasound Excision 
er a ture re view we found two cases de pict ing EPT lo cated in a du pli ca - 
tion cysts, one in a gas tric [ 39 ] and one in a duo de nal lo ca tion [ 40 ]. 
EPT in the ileum, no tably with out be ing as so ci ated with Meck el's di - 
ver tic u lum, can func tion as a lead point for in tus sus cep tion in chil - 
dren, that may re quire surgery [ 41 – 45 ]. 
Over all the find ing of EPT in chil dren in other lo ca tions than 
Meck el's di ver tic u lum is quite un usual. Es pe cially, com pared to the 
adult pop u la tion, pe di atric cases are an ex cep tion prob a bly due to the 
paucity of symp toms. A va ri ety of com pli ca tions may be as so ci ated 
with EPT as bowel ob struc tion, in tus sus cep tion, the oc cur rence of 
pseudo cysts, in flam ma tion, or bleed ing ( Table 1 ). Sey more et al. de - 
scribed a case of a new born with re cur rent hy po glycemia due to too 
high in sulin ex cre tion of the EPT [ 7 ]. Al though ma lig nant trans for ma - 
tion is a rare com pli ca tion in EPT in adults [ 20 ], no such case has 
been de scribed in the pe di atric pop u la tion [ 4 , 46 ]. The treat ment of 
EPT in chil dren is pro posed to be the same as in symp to matic Meck el's 
di ver tic u lum. There fore com plete re sec tion is rec om mended [ 4 , 5 , 19 ]. 
In con clu sion, EPT in pe di atric pa tients is a rare find ing, with only 
65 cases be ing re ported in the lit er a ture in clud ing our cases. Al though 
the most com mon lo ca tion in the antrum of the stom ach can cause 
symp toms like vom it ing and ab dom i nal pain, other lo ca tions are of ten 
de tected in ci den tally. 
We con sider a full re sec tion of the ec topic tis sue nec es sary to con - 
firm the di ag no sis, re lieve symp toms and avoid fur ther com pli ca tions. 
Es pe cially as seen in our pa tients, both in the case of an antral gas tric 
mass and in the case of a non - healing um bil i cal mass de spite lo cal 
treat ment, EPT should be con sid ered in the dif fer en tial di ag no sis to 
ini ti ate proper di ag nos tics and ac cu rate sur gi cal treat ment. 
Patient consent 
Al though this re port does not con tain any per sonal in for ma tion 
that could lead to the iden ti fi ca tion of the pa tient, we col lected the 
pa tien t's par ents writ ten con sent for our study. 
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